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(57)Abstract: 

PURPOSE: To provide a continuous casting 
method, by which the development of surface 
defect in a continuously cast slab of Cu and/or 
Sn-containing steel is drastically reduced. 
CONSTITUTION: In a twin roll 1 casting 
method, the molten steel containing Cu and/or 
Sn is poured into a mold constituted with 
mutually faced one pair of the water cooling 
rolls and rapidly cooled and solidified to cast 
the thin strip-like cast slab 2. In the range of 
Vflfflpj cooling from drawing the cast slab 2 out of 
'w/fff the mold till reaching 550°C the surface temp, 
of the cast slab 2, the slab 2 is cooled in fused 
salt 3 to draw out the cast slab 2 without 
developing the surface defect. 
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[Claim(s)] 

[Claim 1] The molten steel containing Cu of 0.10 - 2wt. %, or both or either of 0.02 - 
0.3wt. % In the congruence roll continuous casting approach which carries out 
teeming to the mold which consists of water-cooled rolls of the couple which 
counters, is made to carry out the rapid solidification of this, and is cast to a thin 
band-like cast piece Cu, the congruence roll continuous casting approach of Sn 
content steel which are characterized by cooling the range where the skin temperature 
of this cast piece is cooled to 550 degrees C after a cast piece comes out of mold in 
fused salt, and drawing out this cast piece. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is the technique of a field of casting steel, and 
is a technique about the surface-discontinuity reduction approach of the cast piece 
generated at the time of the continuous casting of the molten steel containing 0.10 - 
2% of Cu, and/or 0.02 - 0.3% of Sn. 
[0002] 

[Description of the Prior Art] It is well-known data that the steel containing both or 
either more than Sn0.02wt. % makes a product generate surface discontinuity more 
than CuO.lOwt. %. (For example, Otake forward iron-manufactures research No. 225 
1958 page 2248) . Moreover, if abundant addition of Cu and/or the Sn is carried out as 
a positive component or continuous casting of the molten steel containing Cu more 
than 0.10wt(s). % ingoted by carrying out the abundant activity of the cheap scrap 
containing Cu and/or Sn and/or Sn more than 0.02wt(s). % is carried out, it is known 
experientially that a remarkable crack will occur on the surface of a cast piece. 
[0003] About the steel type which utilizes Cu and/or Sn as a positive component, it 
was casting using the molten steel containing Cu more than 0.10wt(s). %, and/or Sn 
more than 0.02wt(s). %. Moreover, the amount of the scrap used, using a scrap with 
few [ steel type / which is ingoted using a cheap scrap ] Cu(s) and/or Sn contents was 
lessened, and it was casting using the molten steel to which the content of Cu and/or 
Sn was reduced to extent to which a cast piece crack does not happen. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the latter casting, since 
sorting and management costs of a scrap to be used increase or the cheap amount of 
the scrap used decreases, there is a trouble of saying the manufacturing cost of the 
cast piece cast using this that it makes it going up remarkably. Furthermore, in the 
former casting, a crack occurs on the cast piece front face after casting, and if this is 
rolled out for a product, the surface discontinuity of a product will occur frequently. 
In order to prevent this, after dissolving oxygen by the hot gas which carried out 
enrichment, and removing the surface check generated in the cast piece, or carrying 
out grinding by the mechanical approach of a grinder etc. and removing the crack of a 
cast piece, it is necessary to roll out after heating. Therefore, there was a problem of 
**************(j n g) not Qn |y i ower i n g 0 f the cast piece yield and the increment in 

cast piece care-and-cleaning manday but also productivity. This invention is the 
casting approach which cancels said trouble, namely, is faced casting the molten steel 
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containing Cu more than 0.1 Owt. %, and/or Sn more than 0.02wt(s). %, and the 
casting approach of not making a cast piece generating a crack is offered. 
[0005] 

[Means for Solving the Problem] this invention person found out the new knowledge 
that a crack occurred by the following cause, as a result of investigating the cause of 
generating of the cast piece surface check after the continuous casting of the molten 
steel containing Cu of 0.10 - 2wt. %, and/or Sn of 0.02 - 0.3 wt. %. Starting the crack 
generating section of a cast piece, the place which ground the cross section and 
analyzed the crack section by electron micro analyzer, and the crack generating section 
found out the data in which Cu, Sn, etc. are carrying out enrichment compared with 
the area free from defect without crack generating. It is thought that the cause and 
crack generating of this enrichment take place according to the following 
mechanisms. 

[0006] Cu and Sn do not oxidize in an elevated temperature. On the other hand, Fe 
oxidizes in connection with the temperature reduction at the time of casting, and 
generates the scale which consists of an iron oxide. This scale grows increasing that 
thickness at the time of continuous casting, and remains on the surface of a cast piece. 
Elements, such as Cu which does not oxidize in this scale, condense, enrichment is 
soon carried out near the cast piece front face, and an enriched horizon is formed 
between a scale and a cast piece front face. The mechanical property of the surface 
section of the cast piece in which this enriched horizon exists is **************(ed). 
At this time, the thermal stress generated near the front face of the cast piece at the 
time of continuous casting and the correction stress generated when correcting the 
cast piece of the letter of a bow to common in a bow mold or a vertical bending-die 
continuous casting machine are considered that a crack occurs owing to. 
[0007] Moreover, it had generated in the place and the depression section (it is called 
the oscillation mark) of a cast piece which observed in detail the origin of the crack 
section generated in the continuous casting cast piece with the optical microscope. 
Therefore, a crack is considered that the enriched horizon and oscillation mark of the 
low melting point of Cu and Sn by scale generating result. This invention is as follows 
the place which it was made based on the above-mentioned new knowledge, and is 
made into the summary of this invention. 

[0008] The molten steel containing Cu of 0.10 - 2wt. %, and/or Sn of 0.02 - 0.3 wt. % 
In the congruence roll continuous casting approach which carries out teeming to the 
mold which consists of water-cooled rolls of the couple which counters, is made to 
carry out the rapid solidification of this, and is cast to a thin band-like cast piece Cu 
characterized by for the skin temperature of a cast piece cooling the range cooled to 
550 degrees C in fused salt after a cast piece comes out of mold, and drawing out a 
cast piece, and/or the congruence roll continuous casting approach of Sn content steel. 
[0009] This invention is explained with reference to a drawing below at a detail. The 
relation between the cast piece surface check generating depth, the scale thickness of 
a cast piece, and the oscillation mark depth was investigated. The result is shown in 
drawing 1 and 2. As are shown in drawing 1 , and the cast piece crack depth increases 
depending on scale thickness and is shown in drawing 2 , it turns out that it becomes 
so deep that the oscillation mark depth of the cast piece crack depth increases. 
[0010] This reason is considered as follows. The enriched horizon which contains Cu 
etc. by the mechanism mentioned above according to scale generating is formed in a 
cast piece front face. If a scale yield generally increases, the thickness of the enriched 
horizon which carries out enrichment to a scale near the cast piece front face will 
increase. If the thickness of an enriched horizon increases, the mechanical property on 
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the front face of a cast piece deteriorates increasingly, with the correction stress of a 
cast piece, a crack will occur and an enriched horizon will invade into a crack. In 
order that the enriched horizon which invaded may embrittle the reinforcement of the 
ferrite of the near increasingly, the crack progresses toward the interior from the cast 
piece front face. Therefore, it is thought that the cast piece surface check depth 
becomes deep, so that there are many amounts of an enriched horizon. 
[001 1] In this crack depth, in order to make it not generate a crack thoroughly, it is 
needed reduction or to control scale generating thickness or not to make it generate 
thoroughly, and not to make the depth of an oscillation mark reduce or generate 
further, so that clearly from drawing 2 so that clearly from drawing 1 . In this, oxygen 
is spread on the surface of a cast piece, an iron oxide is formed there, and generating 
of a scale becomes a scale. Then, Fe or ion is spread in a scale layer, and scale 
thickness is increased. It is required not to supply oxygen on the surface of a cast 
piece for preventing generating of a scale and subsequent growth so that clearly from 
this. 

[0012] Moreover, this crack has generated the pars basilaris ossis occipitalis of an 
oscillation mark as an origin, as shown in drawing 3. It is thought that it is easy to 
generate a crack since it is easy to concentrate stress like the bottom of an oscillation 
mark. Although it does not turn out that the contribution of the scale thickness exerted 
on crack generating and the oscillation mark depth is clear, it is clear that two factors 
are entangled anyway. 

[0013] Next, casting in the congruence rolling method in this invention is based on 
the following reason. The origin of crack generating of the cast piece containing Cu 
and Sn is an oscillation mark, and can prevent generation of an oscillation mark by 
vibrating-up and down-mold oscillation loess casting. It is because congruence roll 
casting mold rotates in the direction same as this casting as the casting direction of a 
cast piece, and mold does not carry out [ casting ] the amplitude up and down is 
effective. 

[0014] In this invention, cooling the range after a steel plate comes out of a 
congruence roll until the skin temperature of a cast piece is cooled to 550 degrees C in 
fused salt is based on the following reason. The seal of the front face of the molten 
steel in the congruence roll at the time of congruence roll casting of molten steel is 
carried out with inert gas, and since the solidified coagulation husks touch the front 
face of a congruence roll, oxygen and an opportunity to touch are not almost. Then, as 
soon as a cast piece comes out under the congruence roll, it will contact oxygen 
promptly, and a scale will begin to generate it at this event. Therefore, it is necessary 
for it to maintain at deoxidization conditions from from immediately after coming out 
of a congruence roll to generating prevention of a scale. Since the skin temperature of 
a cast piece does not generate a scale below 550 degrees C, the inside of fused salt 
does not need to be cooled. 

[0015] About the approach of making deoxidization conditions the range after a cast 
piece comes out of mold until the skin temperature of a cast piece is cooled to 550 
degrees C, there is a method of using inert gas, such as Ar. In this case, the gas 
cooling method of a cast piece has the small heat capacity of the gas which is a 
cooling medium, and since cooling power is inferior, it cannot perform sufficient 
cooling. Moreover, in order not to generate a scale at the time of cooling, while the 
gas of a high grade presentation is required, since Ar used for cooling carries out 
attraction blowdown and it is used, operating capacity becomes huge, and, thereby, a 
running cost becomes high. On the other hand, in cooling using fused salt, uniform 
cooling can be performed by obtaining sufficient cooling power compared with a gas 
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cooling method, since it becomes solid-liquid contact cooling, and circulating fused 
salt within a cooling pool. Consequently, the cooling ununiformity section which it 
becomes deoxidization cooling by cooling which intercepted air, and there is no 
cooling unevenness, and is easy to become the origin of a crack is lost. Moreover, 
since it can be used circulating fused salt within a cooling pool, it has the advantages, 
like compared with gas, there are also few running costs and they end. 
[0016] In addition, it is possible to form a fused salt cooling zone in the secondary 
cooling of concrete at the time of the continuous casting of 200-250mm thickness. In 
this case, while secondary-cooling-of-concrete band die length for a duration until 
coagulation is completed to prevent scale generating for a long time for this reason 
becomes long and the facility for circulating through fused salt becomes huge, that 
maintenance, management, and the amount of fused salt to be used also increase, and 
it is not a best policy. 

[0017] In drawing 4 , the molten steel containing Cu of 0.10 - 2wt. % and/or Sn of 
0.02 - 0.3wt. % is poured into the mold 1 which consists of a congruence roll, it goes 
into the secondary-cooling-of-concrete band 4 which consisted of fused salt 3, and 
drawing 4 is what showed the configuration of the congruence roll continuous casting 
process which enforces this invention method, and it is drawn [ the cast piece 2 which 
came out of mold 1 passes the guide rolls 5 and 6, and ] out. Before casting initiation, 
it is dammed up so that fused salt 3 may not leak with the electric shielding wall 7, 
and shortly after a cast piece 2 reaches the electric shielding wall 7, as for the 
secondary-cooling-of-concrete band 4 with which fused salt 3 was filled, the electric 
shielding wall 7 is opened by the cylinder 8 in an instant. Shortly after casting is 
completed, the electric shielding wall 7 is closed by the cylinder 8. Although some 
fused salt 3 in casting and the secondary-cooling-of-concrete band 4 flows out from 
the lower part of the secondary-cooling-of-concrete band 4, this fused salt that flowed 
out is returned to a circulation tank (not shown) from the runoff hole 9. Moreover, the 
fused salt more than the amount of fused salt which flowed out of the secondary- 
cooling-of-concrete band 4 during casting is accumulated in the circulation tank, and 
an amount is continuously supplied to the amount of fused salt which flowed out 
during casting during casting from a filler neck 10 with a pump (not shown) from this 
circulation tank considerable the bottom at the secondary-cooling-of-concrete band 4. 
Moreover, from a filler neck 10, during casting, when the cooling power of fused salt 
3 deteriorates, fresh fused salt can also be supplied. 
[0018] 

[Example] Next, the example of this invention is explained. The crack characteristic 
of the cast piece when setting the crack occurrences of the front face of a molten steel 
component, congruence roll continuous casting conditions, and a cast piece when a 
bow mold continuous casting machine casts to 1 was collectively shown in a table 1 . 



07-100593 



0019] 



A table 1] 



CO 

* 


OJO COOCO 




LO 

CT> 

OOTt 

CO CM 




0.01 


Ws 


ooooooo ooo 


» 


LOLO 
C— CM 


LO 

m 


O LO 
CM CO rfrHCOCDO-HMLO 

t-oooc\io ooooooo 


as 


oo 

O 

oo^ 

CO CM 


to* > 

z: ca 


O 
O 


Tjia 


^HOOOOOOOOOOOO 


TO 




m 

w 


LO 

cm csjinmoTt-HCDCNj 

CMOOCM-^OOOOOOOO 
OOOQOOOOOOOOO 


m 

1ml 

flu 


r— 

O 

CO CM 




i— H 

o 
o 


CO 

ST 


CM O COO CO 
COOCN303CX500 I I • OOO 
OOOOOOO OOO 


w 


LO 

OOOOCM 
OOCM 
CO CM 


^9? 
oo 

LOLO 


1— 1 

o 
o 


CM 

« 


in 

CM CMLOLOO^CM ^CM 
CMOOCM^hOOOOOOOO 

ooooooooooooo 


m 

•M 
m 


CO 
CM 

OO O CM 
OOCO 
CO CM 


»»o 

OSS 


o 
o 


1 


CM CO i-HCO COCOO 
CO LO CM < < «— ■ LO 1 | O^CM 

LOOOOCMOOO 1 1 OOO 
OOOOOOOO OOO 


HE 


CM 

O OOCO 
OOCO 
CO CM 




o 
o 


tm 


P C — G — « — « CO— ^ 


IS 


iili 

1 ! 14; 
D D 




lit 1 
«*! 




s 




*-> 

TO 
^4 
$SH 
22G 

$ZWi 




« 




1 

D 


S5 
§s 
Q 
«H 



07-100593 



7 



[0020] While this invention method is applicable also to a different steel type and 
different congruence roll casting conditions, even if it casts the molten steel 
containing Cu of 0.10 which a crack generates conventionally - 2wt. %, and/or Sn of 
0.02 - 0.3wt. %, the steel plate which does not almost have a crack in a steel plate 
front face is obtained so that clearly from a table 1 . In addition, the fused salt used for 
the secondary-cooling-of-concrete band is KN03. And NaN03 Although mixture was 
used, the difference in effect exerted on the cast piece crack prevention effectiveness 
was not accepted. 
[0021] 

[Effect of the Invention] Even if this invention cast using the molten steel containing 
Cu of 0.10 which generates a crack conventionally - 2wt. %, and/or Sn of 0.02 - 
0.3wt. %, casting which does not make a cast piece almost generate a crack was 
attained. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the relation between a cast piece 
surface check depth characteristic and scale generating thickness. 
[Drawing 21 It is the explanatory view showing a cast piece surface check depth 
characteristic and the depth of an oscillation mark. 

[Drawing 3] It is the explanatory view showing the crack crack generated to the 
oscillation mark of a cast piece. 

[Drawing 4] It is the block diagram of a congruence roll continuous casting process. 
[Drawing 5] It is the explanatory view showing the structure of an electric shielding 
wall. 

[Description of Notations] 

1 - Congruence roll 

2 - Cast piece 

3 - Fused salt 

4 - Secondary-cooling-of-concrete band 

5 6 - Guide roll 

7 — Electric shielding wall 

8 - Cylinder 
9- Runoff hole 
10 - Filler neck 



[Translation done.] 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

QfFADED text or drawing 

□ blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

0flines or marks on original document 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: - — 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



